1. Introduction
===============

Today, the optimal allocation of resources in all sectors of production, services, industry etc., is very important because optimal use of resources can be very effective in efficiency and effectiveness ([@b1-epj-08-2733]). Organizations are faced with multiple targets for budgeting and resource allocation. Therefore, planning for optimal use of existing resources and providing the desired aims are inevitable. The health sector is one of the most important and effective sectors in each country whose performance has a significant impact on other sectors. Thus, in most countries the allocation of resources in this sector is important for governments ([@b2-epj-08-2733]). Because paying attention to health care and investments in this area, increase labor productivity and production; therefore, adequate resource allocation and optimal utilization of resources in this sector is greatly important ([@b3-epj-08-2733]). With the increasing cost of health care, policy makers of health sectors focus on the most expensive services sector, which is hospital services. Almost half of the total costs of the health sector were allocated to hospital services. Therefore, it is necessary to improve efficiency of these services by reducing costs and using the potential capacities of health care institutions ([@b4-epj-08-2733], [@b5-epj-08-2733]). Health system decision-makers, especially in the hospital setting are faced with limited resources and the unlimited needs of people; this makes special status of economics in hospitals. These centers must meet the growing trend of patients' needs to receive optimal services on one hand and are always faced with limited resources and funding on the other hand ([@b6-epj-08-2733]). One of the main problems within the hospital environment is beds dedicated to patients. Shortage and inappropriate distribution of beds results in reduce of services to patients and poor distribution of nurses, doctors, and medical equipment ([@b7-epj-08-2733]). In order to improve health, hospital sources such as beds, staffing, etc., should be distributed by using an appropriate plan. Given the importance of hospital resources and efficient allocation of personnel and hospital equipment based on the number of beds in each section, distribution of beds is one of the most important issues of hospital management today ([@b8-epj-08-2733]). The efficient allocation of hospital beds for each sector is an important issue for health management. Hospital managers make great efforts to optimize the number of hospital beds to promote their services to patients. As it is, clear allocation of beds for each hospital and redistribution of them in different periods is an essential issue ([@b9-epj-08-2733]).

In formulation and allocation of resources, modeling is a regular tool that can provide necessary information for decisions to achieve your goals. Planners using models can examine systematically some relationships between the factors. They understand the relationships that may not be possible simply without using the modals. From a model, we expect to meet our needs of planning. Some of these requirements include predictability, flexibility, ability of performance evaluation, optimal allocation of resources, and simplicity of use ([@b10-epj-08-2733]). Among existing models, stochastic simulation and goal programming are the ways for the allocation of hospital resources, particularly hospital beds ([@b11-epj-08-2733]). Goal programming is a multi-criteria decision-making model in the field of linear algebra ([@b12-epj-08-2733]). The main role of goal programming is considering the limitations and goals and decision variables as well as removing poor human reasoning in planning and decision-making. This role will have special effects when looking to optimize several factors simultaneously ([@b13-epj-08-2733]). Numerous studies in the world have used practical research techniques in resource allocation in the health sector ([@b8-epj-08-2733], [@b9-epj-08-2733]). In Iran, these techniques have been used a lot in the health sector. Abedi, in his study, used goal programming to allocate resources in the educational sector of the Ministry of Health ([@b14-epj-08-2733]). Noori Hekmat in his study used this technique to determine the optimal number of required nurses in the emergency department ([@b15-epj-08-2733]), Nasrolahi also used this technique to model scheduling of work shifts of nurses in different shifts in hospital ([@b16-epj-08-2733]), and Ataollahi, in order to allocate hospital beds ([@b17-epj-08-2733]). According to studies, the importance of optimum allocation of resources in Iran has been identified in these studies. Since Shafa hospital in Kerman is among the first hospitals of this city, and given that the new building of the hospital is under construction, optimum allocation of resources, particularly bed allocation to the sectors of the hospital, reflects the importance of this issue. Therefore, this research is to redistribute inpatient beds of Shafa hospital in Kerman University of Medical Sciences using a goal-programming model.

2. Material and Methods
=======================

This study was a cross-sectional and applied study. So that after the implementation of models by software, in order to be utilized the result of this modeling was delivered to the research and development department of Shafa Hospital. Shafa therapeutic training center in Kerman is a university hospital. Construction began in 1960 and was in full operation by 1964. This therapeutic training center has 503 approved beds and infrastructure of 34,000 square meters in an area of 91,000 square meters and some of its wards were located on two floors. This study was carried out, using a goal programming model to solve the problems by using software WinQSB in order to calculate the optimum number of beds in each hospital ward to prevent non-optimum beds, and ultimately provide an appropriate model resulting in increased efficiency and productivity of hospital. In this study, by referring to section of quality management in Shafa Hospital, and examining related documents, required data were gathered The data includes estimating the total number of active hospital beds for each ward, based on existing hospital statistics, the total number of hospital nurses, nursing-available work hours for each hospital ward, the average care for each patient of each ward, along with the monthly average of bed occupancy rate, and the average waiting time for bed use by using the HIS system and patient's information system in the hospital reception, from the time of his request for service, to the time of providing it. By literature review and interviews with experts, the important limitations in allocation of beds were identified and then the goals were written based on these limitations, and objective priorities were identified through literature review and interviews with experts, and finally a redistribution program of hospital inpatient beds was written in the WinQSB software environment.

3. Results
==========

In this study, 18 wards of Shafa Hospital in Kerman with 401 beds were examined for optimum allocation of hospital beds. The number of nurses working in these wards is 495 people and their working hours per month were calculated as 84834 hours totally. Also in this study to evaluate the limitations and goals, the amount of nursing hours belonging to any beds and the average waiting time for patients in each ward is calculated. In operational planning techniques in order to achieve the objectives of the study, first the constraints and goals are identified. In this study given the importance of each of these goals by literature review and interviews with experts in this field, the intended limitations and goals to allocate beds were identified and prioritized. [Table 1](#t1-epj-08-2733){ref-type="table"} shows one of the most important of these limitations and goals. After determining the constraints and goals of the study and entering this information into the WinQSB software, solving the model by this software lead to optimum allocation of beds to each of the studied departments. [Table 2](#t2-epj-08-2733){ref-type="table"} shows the initial number of beds in each department and the optimum number obtained in this study. In addition, in this software for each of the variables, a range of changes can also be defined in order to calculate an optimum number for each variable according to the available hypothesis. In this study according to the available occupancy rate of each department, a range of changes is also considered for the number of beds of each one, which is shown in [Table 2](#t2-epj-08-2733){ref-type="table"}.

4. Discussion
=============

The results of this research in discussing the studied limitations and goals to draw the objective function, show in this research a system constraint, and four goals were selected and examined. After identifying the goals, they were formulated using operational research techniques and finally the objective function was formed. The most important objectives of this study include the maximum use of active beds and manpower, reducing waiting times, and bed distribution according to working hours of nurses. In various studies of allocating hospital beds, these goals are used ([@b2-epj-08-2733], [@b17-epj-08-2733]). Based on the results obtained from the model and comparing the optimal values with the actual values, the use of goal programming has led to optimizing the allocation of beds. In a study by Ling Gao et al. in the field of modeling done on the allocation of beds, efficiency of goal programming in optimizing the allocation of resources is emphasized ([@b18-epj-08-2733]). The optimum allocation of hospital beds will have a great impact on health management. To redistribute beds, many factors such as bed occupancy rates, patient waiting time, and the number of personnel are involved, so that all the factors affecting the distribution of the beds should be considered together. Results of various studies show that patient's waiting time for a service is one of the factors influencing patient satisfaction, and an important factor in distribution of hospital beds ([@b19-epj-08-2733]), which is taken into consideration in this research and also is employed as one of the efficient variables in allocation of beds. In Kuwait, Ahmed et al. conducted optimum simulation for emergency department services. In this simulation, an appropriate mix of resources was used. The results showed a 28 percent increase in efficiency of staff and 40 percent reduction in waiting time ([@b20-epj-08-2733]). The results showed that there was a shortage of beds in departments such as burns, GICU, HICU, cardiac surgery, emergency, orthopedics and excess of beds in the ENT, ophthalmology, and neurology departments. The main reasons for these differences can be occupancy rate of each department, the number of nurses, nursing hours of each department and waiting time and as the main variables, they have been examined in this study. For example, departments that have a higher occupancy rate or high waiting time to receive services have been experiencing shortage of beds in redistribution of the beds so more beds should be allocated to these departments. Conversely, the departments with less waiting time, lower occupancy rate and less nursing hours, were required to have less bed allocation or remained unchanged in redistribution. Bahrami also, in his study using the software GAMS, offered a goal-programming model for allocating beds in Shahid Mohammadi hospital in Bandar Abbas. The findings of this study indicated that there was an excess of beds in the internal emergency departments, emergency surgery, and general surgery - and shortage of beds in the CCU, ICUOH, and ICUN ([@b21-epj-08-2733]). Rajabi, in a study, tried using a goal-programming model to offer a criterion for optimum allocation of resources in the Ministry of Health to provinces. The results of this study showed that the proposed method in optimum allocation of funds to the provinces, in the long run, would lead to equity and stability in the provinces ([@b22-epj-08-2733]).

5. Conclusions
==============

In the present study, findings showed that the allocation of beds in the hospital is not appropriate to the circumstances of departments, and there is a need to redistribute beds. The importance of this issue is that, with optimum distribution of beds in departments, many problems can be prevented. It is expected that the redistribution of hospital beds, according to hospital activity indicators, can lead to greater equity in delivery of services and better distribution of resources. Therefore, it is suggested that managers use scientific and approved methods of operational research methods in order to optimize the allocation of beds. Further research in this area, and using other methods of operational research in the field of bed allocation, or using the goal programming model, the method of present research in resource allocation in the health system, can be the right direction for studying more in this field.
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###### 

Constraints and Goals of model

  System constraint   None of the departments should be without a bed. The definitive bed allocation should be made     
  ------------------- ------------------------------------------------------------------------------------------------- -------------------------------------------------------------
  Goals               P1                                                                                                All active hospital beds should be allocated to departments
  P2                  Maximum use of nurse staffing                                                                     
  P3                  Reduced waiting in departments                                                                    
  P4                  Bed distribution should be proportional to the maximum and minimum number of hours' nurses work   

###### 

The number of beds before and after model solving

  Department               Number of beds before and after model solving   Variation range        
  ------------------------ ----------------------------------------------- ----------------- ---- ----
  CCU1                     12                                              12                10   18
  CCU2                     12                                              12                10   18
  Neurology                35                                              30                30   40
  Internal heart           24                                              20                20   26
  Post angiography         18                                              18                16   20
  Surgery                  20                                              16                15   25
  ENT                      32                                              25                22   35
  Eye                      48                                              35                35   52
  Burn                     48                                              50                40   55
  GICU                     10                                              15                8    18
  HICU                     13                                              15                10   20
  heart surgery            20                                              25                18   28
  General operating room   8                                               10                6    15
  Eye surgery room         4                                               8                 4    15
  heart operating room     3                                               5                 3    8
  Emergency                40                                              50                35   55
  Rheumatology             30                                              25                25   35
  Orthopedics              24                                              30                20   35
